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We monitored a population of four to seven groups of individually marked 
saddle-back tamarins (Saguinus fuscicollis; Callitrichidae) a t  the Cocha 
Cashu Biological Station in Peru's Manu National Park every year from 
1979 through 1992. In this paper we use data on life histories, group 
compositions, group formations, and dispersal patterns collected during 
these 13 years to examine the reproductive strategies of males and fe- 
males. Group compositions and mating patterns were quite variable in 
this population, with both monogamy and cooperative polyandry common. 
In polyandrous groups, two males shared a female's copulations and coop- 
eratively cared for her young. Although most groups contained a single 
breeding female, we recorded four cases in which secondary females suc- 
cessfully reared young. Most young females appeared to wait in their natal 
groups for the first opportunity to fill a primary breeding position in their 
own or a neighboring group. Females that acquired primary breeding po- 
sitions maintained those positions for a mean of 3 years. No female was 
observed to transfer between groups a second time. Variation in female 
lifetime reproductive success was high. Half of the females marked as 
juveniles never bred; the other half produced an  average of 3.5 young. A 
paucity of female breeding opportunities may explain the high mortality of 
females between 2.5 and 4.5 years of age and the resulting male-biased 
adult sex ratio. The majority of groups contained more than one probable 
male breeder. Polyandrous groups included both related and unrelated 
males. Behavioral differences between Cocha Cashu tamarins and other 
studied populations may result from the pressures of living in an environ- 
ment inhabited by nine other primate species and numerous predators. 
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INTRODUCTION 

Recent research has revealed that mating systems and reproductive tactics are 
often far more variable within species than had previously been supposed [re- 
viewed by Lott, 19911. New genetic techniques such as DNA fingerprinting [Burke, 
19891 have shown that extra-pair copulations and egg-dumping (the laying of eggs 
in other females’ nests) are common in many bird species previously thought to be 
strictly monogamous [e.g., Gibbs et al., 1990; Westneat et al., 1990; Lifjeld et al., 
19931. In this paper, we use data from a 13-year field study to examine variable 
mating patterns and reproductive tactics in saddle-back tamarins (Saguinus fus- 
cicollis; Callitrichidae). 

Members of the Callitrichidae, including tamarins (Saguinus and Leontopith- 
ecus) and marmosets (Callithrix and Cebuella), were previously considered to be 
strictly monogamous [Eisenberg et al., 1972; Kleiman, 19771, but it is now thought 
that many callitrichid species have more variable social and mating systems [e.g., 
Garber et al., 1984, 1993; Sussman & Kinzey, 1984; Rylands, 1985; Terborgh & 
Goldizen, 1985; Goldizen, 1987a, 1988, 1990; Sussman & Garber, 1987; Scanlon et 
al., 1988; Ferrari & Ferrari, 1989; Stephens, 1989; Ferrari, 1992; Baker e t  al., 
1993; Dietz & Baker, 19931. Many groups contain only one breeding male and 
female, and are functionally monogamous. The most common alternative is a 
breeding structure in which two (or rarely more) adult males mate or attempt to 
mate with a single female [saddle-back tamarin, Terborgh & Goldizen, 1985; Goldi- 
Zen, 1987a; M. van Vlaardingen, unpublished observations; golden lion tamarin, 
Leontopithecus rosalia, Baker et al., 1993; buffy-headed marmoset, C. flauiceps, 
Ferrari, 1992; tassel-ear marmoset, C. humeralifer, Rylands, 1985; pygmy marmo- 
set, Cebuella pygmaea, Soini, 1987al. Such groups fit the definition of cooperative 
polyandry: one female and two or more males living together as  a cohesive group, 
with all males mating with the female and helping to care for her subsequent 
young [Faaborg & Patterson, 19811. Less frequently reported is the presence of 
more than one reproductively active female in a single group [saddle-back tama- 
rin, Terborgh & Goldizen, 1985; Goldizen, 1987a; common marmoset, Callithrix 
jacchus, Scanlon et al., 1988; Digby & Ferrari, in press; moustached tamarin, 
Saguinus mystax, Garber et al., 1993; golden lion tamarin, Dietz & Baker, 19931. 
A group of Goeldi’s marmoset (Callimico goeldii) with two reproductive females 
has also been reported [Masataka, 19811. The genus Callimico has been placed by 
some authors [e.g., Napier & Napier, 19671 in the family Callitrichidae; however, 
here we follow other authors [e.g., Hershkovitz, 1977; Rylands et al., 19931 and do 
not include Callimico in the Callitrichidae. 

In the case of multimale groups, it is not yet known for most species how 
equally reproduction is shared among males. Mate guarding for periods of up to 
several days has been seen three times in saddle-back tamarins [Terborgh & Goldi- 
Zen, 1985; Goldizen, 1987a; M. van Vlaardingen, unpublished observations]. The 
timing of two of these periods is known, one occurring during pregnancy and one 
at around the time of conception. Mate guarding would tend to skew male repro- 
ductive success within groups. Research on golden lion tamarins suggests that 
subordinate males of polyandrous trios have very low chances of fathering young 
[Baker et al., 19931. 

Cooperative polyandry has been documented in a small number of bird species 
[e.g., the dunnock, PrurLella modularis, Davies, 1992; acorn woodpecker, Melan- 
erpes formiciuorus, Koenig & Mumme, 1987; pukeko, Porphyrio porphyrio, Craig, 
1980; Tasmanian native hen, Tribonyx mortierii, Ridpath, 1972; Galapagos hawk, 
Buteo galapagoensis, Faaborg et al., 19801. In all of these species, individual pop- 



Saddle-Back Tamarin Reproductive Strategies / 59 

ulations contain monogamous and polyandrous groups, and occasionally polygy- 
nous or polygynandrous groups, which have more than one reproductive female. 

The existence of varied social configurations within a species opens alternative 
pathways to reproductive success. Members of facultatively polyandrous/polygy- 
nous species may have choices about how many mates to have, whether to share 
those mates, and which individuals to take as mates. Few individuals, however, 
may be exposed to the full range of choices. Circumstances such as body size, age, 
group history, and the composition of neighboring groups may force individuals to 
compromise between immediate reproductive opportunities and long-term sur- 
vival. Given such constraints, individuals may not often make “choices.” For ex- 
ample, male dunnocks try to keep other males away from their females in all 
situations but are more likely to succeed if females’ territories are small than if 
they are large [Davies & Lundberg, 19841. The extent to which particular options 
are chosen rather than dictated by circumstances has received little consideration, 
especially for callitrichids. 

In this report we present data on group composition, demography, and dis- 
persal and use these to examine reproductive strategies in a saddle-back tamarin 
population. We add 6 years of data to those published in Goldizen and Terborgh 
[19891 and use them to address a different set of questions. This is the longest 
running study of wild callitrichid groups in which all individuals were marked. 
The site is replete with a full complement of tamarin predators and competitors, 
including numerous felid and raptor species, and nine other primates [Terborgh et 
al., 19841. By contrast, most other field studies of callitrichids have been conducted 
in disturbed forests where many predators and potential competitors were absent 
and/or where dispersal options were restricted [e.g., Neyman, 1978; Garber et al., 
1984; Scanlon et al., 19881. Due to the paucity of available detailed data on cal- 
litrichid life histories, we present our data in as detailed a manner as possible, so 
that other researchers may use them in further analyses. 

METHODS 
Study Animals 

Saddle-back tamarins are small (adult weight 320-420 g) neotropical pri- 
mates. Their diet is primarily composed of fruits and insects, but also includes 
vertebrate prey, nectar, and gums. At our study site, saddle-back tamarins defend 
exclusive territories, ranging in size from about 30 hectares to over 100 hectares 
[Terborgh, 1983; Goldizen, 1987bI. Most groups share their territories with em- 
peror tamarin (S.  imperator) groups [Terborgh, 19831. Breeding females produce 
one set of young per year, usually twins, between September and February [Goldi- 
Zen et al., 19881. 

Study Site 
We conducted the study at  the Cocha Cashu Biological Station in the Manu 

National Park in southeastern Peru (11”55’S, 77”18’W, elevation approximately 
400 m). The site is described in detail in Foster [1990], Gentry and Terborgh [ 19901, 
and Terborgh [1990]. 

Research Schedule 
Saddle-back tamarins were first trapped and marked at Cocha Cashu in 1979 

(four groups). Several additional groups as well as immigrants and new young in 
the original four groups were marked in subsequent years. The four authors par- 
ticipated in trapping and marking groups in mostly sequential fashion: JT 1979- 
1981, AWG 1979-1986, MvV 1987-1989, and JM 1990-1992. One or more of us 
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were at the study site during the following periods: July-Nov. 1979, Aug.-Nov. 
1980, Mar.-Sept. 1981, June-Aug. 1982, June-Aug. 1983, Feb. 1984-Mar. 1985, 
MayJune 1986, JuneJuly 1987, Mar.-Dec. 1988, July 1989, July-Oct. 1990, 
July-Sept. 1991, and June-Aug. 1992. During these times we censused most 
groups at least monthly and observed some groups intensively to gather behavioral 
and ecological data. See Goldizen [1987a, 19891 for detailed methods. 

Capturing and Marking Methods 
We marked tamarins of all ages with numbered ear tags and fitted individuals 

of adult size with stainless steel ballchain collars carrying unique combinations of 
colored beads. We also placed radio collars on some animals to help in locating 
groups. Trapping and marking methods are described in more detail in Terborgh 
and Goldizen [1985]. 

Age Group Definitions 
Twenty-two births into the population between August 1979 and March 1985 

all occurred between late August and early March, with a median in early Decem- 
ber [Goldizen et al., 19881. Although we do not know the precise dates of many 
births that occurred during the 13 years, we almost always knew the season in 
which an individual was born (e.g., between August 1987 and March 1988, or 
during the 1987-1988 birth season). For the purpose of estimating ages, we assume 
that all births occurred in early December of the appropriate birth season. 

We considered tamarins to be infants during their first 3 months, which coin- 
cides with the periods of lactation and infant carrying. Juveniles (ages 3-12 
months) were quite small and did not yet have full sets of adult teeth. During the 
second (subadult) year, individuals were usually less than full adult size and pos- 
sessed prepubic glands that were generally not yet fully raised and pigmented. 
Tamarins were considered adults after 2 years. This definition of adulthood is 
based on physical development rather than reproductive maturity; saddle-back 
tamarins are a t  least sometimes capable of breeding at less than 2 years of age 
[Epple & Katz, 1980; Goldizen & Terborgh, 19891, and for this reason we have in 
some analyses (indicated later) considered individuals to be adults a t  1.5 years of 
age. 

RESULTS 
Study Groups 

The approximate boundaries of the study groups’ territories during this study 
are shown in Figure 1. Tamarin territories occupied many of the same areas year 
after year, although the locations of boundaries changed regularly. The territories 
shown in Figure 1 overlap only because it is a composite of all years in the study. 
At any given time, territories did not overlap, although groups frequently tres- 
passed into the periphery of neighboring territories if the occupants were else- 
where. 

Brief histories of the groups that occupied the territories follow. Changes in 
group composition took place in piecemeal fashion unless otherwise noted. 

E territory: A group was trapped here in 1990, but none was observed or trapped 
in prior or subsequent seasons. 

F territory: A group was observed here in 1990 and first trapped in 1991. We do 
not know if it was inhabited by tamarins prior to 1990. 

H territory: The resident group was first trapped in August 1979. A complete 
replacement of individuals occurred between August 1982 and June 1983 [Ter- 
borgh & Goldizen, 19851. The group was not censused in 1989. 
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Fig. 1. Approximate boundaries of the study groups’ territories. These groups did not all exist during all years 
(see text), and at any one time neighboring territories did not overlap. The territories on this figure overlap only 
because it is a composite of all of the years of the study. 

N territory: The resident group was first trapped in July 1982. It was not well 
censused in 1986. A group containing two marked N-group members was 
caught near the old N territory in mid-1987 and called the N group, but the 
only group caught or seen in this area thereafter was the E group. 

R territory: A newly formed group moved into this territory on 20 October 1980, 
after two unmarked adult females joined two adult males from the H group. 
The R-territory lay outside the study area and its occupants were resighted 
only once, in August 1982 [Terborgh & Goldizen, 19851. 

S territory: A group was first caught and marked here in September 1979. In 
August 1990 the entire group was observed to be in very poor condition, and 
by September most of its members had disappeared. Two or three had merged 
with the remainder of the previous SW group to form the SISW group, which 
then used parts of the previous S and SW territories. 

S+ territory: A group was first trapped here in mid-1987. It is likely that it had 
already formed by May 1986, as none of its three 1987 members were in their 
previous groups in June 1986. Although it was not censused completely every 
year, it appeared to change composition only gradually through 1992. 

SE territory: A group was first trapped here in September 1979. I t  was not well 
censused after 1984, although some group members were censused in 1986, 
1987, 1988, 1989, and 1992. 

SW territory: The resident group was first captured and marked in September 
1979. In August or September 1990 its remaining members merged with rem- 
nants of the S group to form the SISW group. 
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SISW territory: After its formation in 1990, the SISW group experienced only 
slight changes in membership through 1992. 

W territory: This territory was uninhabited by saddle-back tamarins until April 
1981, when two adult males took up residence until at least August 1981. They 
departed before June 1982, and the territory was again vacant until sometime 
between August 1983 and February 1984, when a new breeding group was 
trapped there. 

Other groups of saddle-back tamarins were occasionally encountered to the 
northwest, northeast, and east of the marked population, but a lack of trails 
prevented systematic censuses in these areas. No tamarins were observed in 
the mature forest lying to the north of the study population. 

Group Sizes and Compositions 
Annual compositions of the study groups are listed in Appendix 1. We adjusted 

for time of year by using data from August o r  as close to August as possible and by 
not including the few infants that were born in late August or early September. 
Hence, we report prebirth season group compositions. From a total of 47 complete 
group-year compositions, we found that groups in the population contained a mean 
of 1.87 adult males, 1.32 adult females, 0.85 subadults, and 1.09 juveniles (Appen- 
dix 1). Mean August group size (calculated similarly) was 5.13. 

Not all censused adults were breeders. The evidence suggested that only one 
female bred during most group-years. However, in six instances two females bred 
or attempted to breed during the same breeding season (Table I). In four of these 
cases, both females produced young that survived at  least several months. In all six 
cases, one of the females (known to be the older in five cases; relative ages un- 
known in the sixth case) had bred in the same group in previous years andlor did 
so in later years. These females were calledprimary breeding females. In four of the 
cases, the secondary female bred in the group only once and disappeared or left the 
group within 1 or 2 years after the breeding episode. In the fifth case, the primary 
female breeder disappeared within 15 months of the dual breeding episode and the 
secondary female then became the group’s primary breeder. The fate of the sec- 
ondary breeder in the sixth group was not known. In two cases, the two females 
were mother-daughter pairs; in two other cases this was probably also true. The 
relationship of the two other pairs was unknown. 

We observed copulations in seven two-male groups; in six of these, both males 
were observed to mate (Table 11). In the seventh group, the male that we did not see 
copulating was the son of one of the group’s adult females and the brother of the 
other. In three of the six groups in which two males mated, the two males may have 
been related. In each case, the younger of the two males was born into a group in 
which the older male was present and potentially a breeder. In a fourth group, the 
two males were individuals from outside the study population that appeared dur- 
ing the same period and thus may have been related. In a fifth group the two males 
came from different groups and were thus probably not closely related. The origins 
of the males in the sixth group were unknown. 

Sex Ratios 
Adult sex ratios were calculated using all marked individuals known to have 

been at least 1.5 years of age (in second year in August) and potentially reproduc- 
tive. Individuals from incompletely censused groups were included on the assump- 
tion that both sexes were equally visible. Male-biased ratios were found for 10 
years of the study, even ratios for 2 years, and a slightly female-biased ratio for 1 
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TABLE I. Cases in Which Two Females Bred or Attempted to Breed in the Same Group 
During the Same Breeding Season, With Details on the Origins and Fates of the Two 
Females and the Evidence That Both Attempted to Breed 

N. 1981-82 

N, 1983-84 

S, 1984-85 

W, 1987-88 

~~ 

Evidence that both 
Group, year Origins of females females bred Fates of females 

SE, 1981-82 #12; origin unknown, Two sets of surviving #12 disappeared 
bred in SE group young between mid-1982 
since 51979; #14 or 
#32: both natal to 
SE group; #12 was 
mother of #32 and 
probably of #14 as 
well and mid-1983 

#40: origin unknown; Two sets of surviving #40 moved to  H 
#42: origin young group in 7/82 and 
unknown disappeared by 

mid-1983; #42 
remained in N 
group through 
?mid-1987 and 
bred regularly 

#42: origin unknown, Two sets of surviving #42 remained in  N 
bred in N group young group through 
since 51981; #63: ?mid-1987; #63 
born in N group in 
1981-82, #42 may 
have been her 5/86 
mother 

bred in N group #33 seen copulating between 3185 and 
since 51979; #33: in mid-1983; not 5/86, after having 
born to #18 in known if #33 young again in 
1980. conceived 11/84; #33 

and mid-1983; #14 
disappeared by 
mid-1982; #32 
moved to H group 
between mid-1982 

moved to H group 
between 2/85 and 

SW, 1983-84 #18: origin unknown, #18 gave birth 2/84; #18 disappeared 

disappeared 
between 8183 and 
2/84 

between 4/85 and 

in S group until 

#2: born in H group, #2 had twins 2/85; #2 disappeared 
moved to  S group in #51 had a full-term 
1980 and bred there pregnancy, ending 5/86; #51 remained 
regularly after that; in 1/85, but young 
#51: born to #2 in must have died 9/90, breeding 
1981-82. immediately after regularly 

birth 
#47: born in SE Two sets of surviving #47 disappeared 

GOUP 1981-82, young between 9/90 and 
moved to  W group 
between 8/83 and disappeared 
2/84 and bred there 

seen as a subadult 
or adult in W group 
in 1987; origin 
uncertain but 
possibly natal to W 
group 

8/91; #88 

between 1/89 and 
regularly; #88: first 8/91 
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TABLE 11. Cases of Groups With Two Adult Males in Which Copulations Were Seen 

Group, year Origins of males 

?, 1977 No numbers, 
origins unknown 

R, 1980 #3: first seen as a 
subadult in H 
group in 1979, 
possibly brother 
or son of #4; #4: 
first seen as an 
adult in H group 
in 1979 

#7: first seen as 
adult in H group 
in 1979; #34: 
born in Hgroup 
9180, may have 
been son of #7 

H, 1982 

S, 1982 #11: first seen as 
adult in S group 
in 1979; #35: 
origin unknown, 
joined S group 
between 9/81 
and 6182 

#9: born in S 
group in ’78-79, 
moved to  SW 
group between 
8/81 and 6182; 
#17: born in SW 
group 8/79; son 
of one of SW 
group’s 1983 
females and 
sister of the 
other 

SW, 1984 #69 and #70: 
origins 
unknown, both 
first seen as 
adults in the SW 
group in 2/84 

#70: first seen as 
adult in SW 
group in 2/84; 
#73: born in SW 
group in ’83-84, 
possibly son of 
#70 

SW, 1983 

SW, 1988 

Copulations 
observed 

Five by one male 
and 6 by the 
other during a 
10-day period in 
4177 

Each male mated 
with at  least one 
of the R group’s 
two females 
during the first 
days of R group’s 
existence 

Each male seen 
mating two 
times with H 
group’s new 
adult female in 
July and August 
1982 

#35 copulated 
with the female; 
#11 had 
fathered her 
young in 2 
previous years 

#9 seen mating 
with both of the 
group’s females 
in 8183; #17 not 
seen copulating 

31 by #69 and 25 
by #70 between 
5/84 and 2/85 

14 by #70 and 20 
by #73 

Fates of males 

Fates of both 
males unknown 

#3’s fate 
unknown; #4 
seen with R 
group in 8/82 
then not known 

#7 seen alone in 
6/83, then 
disappeared; 
#34 disappeared 
between 8182 
and 6183 

Both #11 and #35 
disappeared 
from S group 
between 9/83 
and 1/84 

#9 disappeared 
between 9/83 
and 1/84; #17 
moved to S 
group between 
9/83 and 1/84 

#69 moved to W 
group in 3185; 
#70 disappeared 
from SW group 
between 8/89 
and 7/90 

Both #70 and #73 
disappeared 
from SW group 
between 8/89 
and 7/90 

Previous reference 

Terborgh & 
Goldizen I19851 

Terborgh & 
Goldizen [1985l 

Terborgh & 
Goldizen [1985l 

Terborgh & 
Goldizen [19851 

Terborgh & 
Goldizen [I9851 

Goldizen [1987a] 

M. van 
Vlaardingen 
unpublished 
observations 
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Year 

Fig. 2. Annual adult sex ratios (# males/# females). Sex ratios were male biased during years marked 
with * and female-biased during the year marked with #. Data are not available for 1985. 

year (Fig. 2). Of 79 tamarins born into the study population and trapped as juve- 
niles (usually at 6-9 months), 39 were male and 40 were female. 

Annual Persistence 
We show the annual persistence in the study population (hereafter called 

persistence) of males and females in each annual age class, based on the presence 
in the population of individuals of known birth season from August of one year to 
August of the next (Fig. 3). Sample sizes in Figure 3 decline from age class to age 
class more rapidly than is accounted for by the persistence values because some 
groups were not censused in some years. 

Most animals that disappeared from the population probably died. However, 
we only rarely knew animals’ true fates, and a small proportion of the individuals 
that disappeared may have dispersed successfully to groups outside the study 
population. If we assume that the number of individuals leaving and entering the 
study population would have been similar, the fact that only one female and nine 
to 11 males were known to immigrate into the population during the 13-year study 
(see later) suggests that few of the individuals that disappeared from the popula- 
tion would have survived. Survivorship is thus likely to have been only slightly 
higher than the persistence values shown in Figure 3. 

The relative annual persistence of males and females changed dramatically 
with age (Fig. 3). The mean persistence values of young animals (0.5-2.5 years) 
were 85% and were slightly higher for females than for males. From 2.5 to 4.5 
years of age, the persistence of females dropped to 71%, while that of males rose to 
92%. The sample sizes of individuals older than 4.5 years are small, but persistence 
appears to drop. Only one male of known age persisted over 6.5 years (to 10.5-11.5 
years). Six additional males who were first caught as adults persisted to at least 6.5 
years (2), 7.5 years (2), 9.5 years (1) and 10.5 years (1). These six males were not 
included in Figure 3 because their exact ages were not known. Four females of 
known age persisted past 6.5 years (one persisted to >7.5 but 4 . 5  years, three 
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Fig, 3. 
Numbers at the tops of the bars are sample sizes. 

Annual persistence in the study population by age (in years) for males and females of known age. 

persisted to >8.5 but <9.5 years). Two additional females (also not included in Fig. 
3) first trapped as adults persisted to a t  least 7.5 years. 

Fates of Individuals of Known Age and Natal Group 
Twenty-nine males and 34 females of known age and natal group were born 

before March 1990 and were first trapped as juveniles or subadults. Five males 
(17.2% of these natal males) and four females (11.7% of these natal females) dis- 
appeared from their natal groups between first being trapped and 1.5 years of age. 
Twenty-four natal males and 30 natal females survived to a t  least 1.5 years of age 
(Table 111). 

Thirty-seven percent of the 24 males and 40-43% of the 30 females disap- 
peared from their natal groups without having been observed breeding or copu- 
lating (Tables 111 and IV). The mean minimum age at disappearance was 35 
months for males (N = 9) and 29 months for females (N = 12), while the mean 
maximum age was 43 months for both males (N = 8) and females (N = 10) (Table 
IV). Therefore, the mean age at disappearance was approximately 3 years for 
nonbreeding natal females and slightly greater for males. 

Equal proportions (38% for males, 37% for females) of the natal males and 
females that survived to at least 1% years of age transferred into other marked 
groups (Table 111). Most of these dispersers (6 of 9 males and 9 of 11 females) moved 
into neighboring territories. Natal groups, new groups, and age ranges a t  dispersal 
of known natal dispersers are presented in Table V. Females appear to have dis- 
persed earlier than males. Mean minimum ages at dispersal were 30 months for 
males (N = 9) and 25 months for females (N = 11). The mean maximum ages at 
dispersal from natal groups were 39 months for males (N = 9) and 34 months for 
females (N = 11). These figures suggest mean ages at dispersal of about 2.5 years 
for females and 3.0 years for males. However, neither minimum nor maximum 
ages at dispersal were significantly different for males and females (Wilcoxon 
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TABLE 111. Fates of all Individuals of Known Age and Natal Group That Survived to at 
Least 1.5 Years of Age 

Males Females 

3 7 or 8 No. that bred or attempted to breed 
(copulated) in their natal group (12.5%) (23.3-26.7%) 

to another study group (37.5%) (36.7%) 
No. that disappeared from their natal 9 12 or 13 

No. that dispersed successfully 9 11 

group without having been observed breeding or copulating (37.5%) (40.0-43.3%) 
No. still in their natal group in Aug. 3 0 

1992 without having been observed breeding or copulating (12.5%) (0.0%) 

These categories are not necessarily exclusive. 

TABLE IV. Individuals That Disappeared From Their Natal Groups Without Having 
Been Observed Breeding or Copulating, and Their Age Ranges at Disappearance 
Animal # Group Age range at disappearance 

Males 
16 sw 
60 SE 
62 N 
76 sw 
87 S 
89 W 

105 sw 
110 H 
123 W 

61 N 
77 sw 
78 sw 
85 S 
91 H 
92 H 
95 SE 
98 SE 

102 sw 
106 S 
109 W 
120 SW or S 
14 (if she did not breed in 1981; see Table I) SE 

Females 

33-41 mo 
71-? mo 
27-53 mo 
16-28 mo 
45 mo 
24-44 mo 
22-43 mo 
55 mo 
22-31 mo 

27-54 mo 
20-30 mo 
20-30 mo 
41 mo 
17-44 mo 
17-44 mo 
31-? mo 
23-? mo 
32-44 mo 
45 mo 
45-54 mo 
33-42 mo 
30-42 mo 

two-sample tests, two-tailed: U = 70, n, = 11, n2 = 9, P > 0.10 for minimum ages; 
U = 60, n, = 11, n2 = 9, P > 0.10 for maximum ages). 

Two natal males were observed copulating in their natal groups. A third was 
assumed to have copulated in the S/SW group after fusion of his natal SW group 
with the S group (Table VI). Together, these males account for 12.5% of the sample 
of 24 natal males. To our knowledge, none of these three males subsequently 
transferred to another group. Two (# 34 and 73) shared copulations with males 
that may have been their fathers [Terborgh & Goldizen, 1985; M. van Vlaardingen, 
unpublished observations]. These few observations almost certainly underestimate 
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TABLE V. Known Natal Dispersers, Their Natal and New 
Groups, and Their Minimum and Maximum Ages at Dispersal 

Age range 
Animal # Natal group New group at dispersal 

Males 
3 H R 34 mo 
9 S sw 28-41 mo 

17 sw S 45 -49 mo 
26 H N 12-14 mo 
43 N S+ 39-66 mo 
52 S SE 21-25 mo 
72 S W 31-41 mo 

111 S+ H 34-54 mo 
115 SE S+ 23-30 mo 

2 H S 24-33 mo 
32 SE H 32-43 mo 
41 N SE 20-29 mo 
47 SE W 21-27 mo 
49 SE H 21-26 mo 
58 S sw 27-41 mo 
63 N H 38-53 mo 
64 S S+ 20-29 mo 
80 sw F 20-28 mo 
86 S S+ 30 mo 

117 SISW S+ -20-30 mo 

Females 

Each individual dispersed at  some time during the age range given. 

the frequency of breeding in natal groups by males, because many other males 
could have bred in their natal groups without our knowing it. 

Seven or eight females (23-27% of the 30 females) bred successfully, or were 
at least seen copulating, in their natal groups (Tables I11 and VI). Four of these 
females (# 14 or 32,33,51, and 63) bred or attempted to breed in their natal groups 
during the same season as another female in the group (Table I). One or two (#63 
and #32, if she had bred rather than #14) of these females transferred to other 
groups later. Another (#51) subsequently became the sole female breeder in her 
group. The other four definite or possible natal breeders were the only breeding 
females in their groups. The four or five females who inherited the primary breed- 
ing positions in their natal groups all did so after the disappearance of their 
mothers or the females that had succeeded their mothers. 

Close inbreeding occurs infrequently, if at all, in this population. We did not 
observe copulations between males and females that were known to be those males’ 
mothers or other close female relatives. Males observed to mate in their natal 
groups did so after their mothers had disappeared. Only one of four females (#27) 
that inherited the primary breeding position in her natal group mated with a male 
that might have been her father. Nine of the 11 individuals that bred or copulated 
in their natal groups did not breed with siblings; relationships were unknown in 
the other two cases. Close inbreeding was thus rare in our population, if it occurred 
at all. 
Females’ Ages at First Breeding 

Minimum ages at which known-aged females could have given birth are shown 
in Figure 4. To calculate these minimum ages at first birth, we assumed that since 
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TABLE VI. Individuals That Bred or at Least Were Seen Copulating in  Their 
Natal Groups 

Animal # 

Males 
34 
73 
101 or 103 

Females 
14 or 32 

27 

33 
5 1  

63 

90 (possible) 

100 (probable) 

107 

Group, year 

H, 1982 
SW, 1988 
SISW, 1990-1992 

SE, 1981 

H, 1981 

SW, 1983 
S, 1983-1990 

N, 1983 

w. 1991 

SE, 51992 

SISW. 1991-1992 

Evidence 

Seen copulating 
Seen copulating 
These two males were the only adult males in 

the group; it is thus likely that at least one 
was copulating 

Two sets of young-one must have been 
produced by one of these females 

Was the only female in her group after her 
mother’s disappearance; had one young 

Seen copulating 
Known to have had many sets of young, with 

first pregnancy in 1984 
Two sets of young-one must have been 

produced by her 
Either she or another female of unknown origin 

(#121) had young 
Was still in her natal group at 5.5 yrs of age; 

was probably breeding 
Was the oldest female in the group and most 

likely mother of group’s young in 1991; 
definitely bred in 1992 

births rarely occurred after February, a female would have had to leave her natal 
group, or to have copulated there, before September to bear young in the subse- 
quent birth season. Using this assumption, and the dates when females left their 
natal groups or copulated there, we calculated the age at which each female could 
first have produced an offspring. These minimum ages at first birth greatly un- 
derestimate the actual mean age of first birth, since only 8 of the 29 females 
included in Figure 4 were known to have bred during the seasons listed in Figure 
4 as their first potential breeding seasons. 

Tenure of Breeding Females 
The mean tenure of primary breeding females was approximately 3 years. The 

mean minimum tenure was 28 months (N = 17), while the mean maximum was 41 
months (N = 10). Five females held breeding status for more than 4 years (Table 
VII). A female’s tenure time was measured from the time that she became a group’s 
only, or oldest, adult female until the time she disappeared. No primary breeding 
female switched groups or persisted in the population after losing primary breed- 
ing status. The table includes only those females that were the sole or the oldest 
female breeder in their group. For the N group in 1981-82, in which two females 
of unknown relative ages bred, we included only #42, because she continued to 
breed in the N group, whereas #40 did not. We did not attempt to calculate the 
tenure of male breeders because of uncertainty regarding the breeding status of 
many males. 
Mean Number of Young Produced by Primary Breeding Females 

We could not simply count the number of surviving young produced by each 
primary breeding female, because female replacements often occurred when we 
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All females of known age 

rg Only those females known 

1 2 3 4 5 

Minimum age a t  first parturition (in years) 

Fig. 4. Minimum ages at which females could first have given birth (for all females of known age) and ages at 
which females did first give birth (only for those females known to have bred). See text for details. 

TABLE VII. Minimum and Maximum Tenure Times for Primary 
Breeding Females 

Animal # Group time (months) time (months) 
Minimum tenure Maximum tenure 

2 S 55 77 
6 H 23 ? 

12 SE 36 ? 
18 sw 66 ? 
27 H 11 11 
32 H 3 12 
40 H 2 12 
41 SE 10 33 
42 N 60 ? 
47 W 78 93 
49 H 14 31 
51 S 51 63 
58 sw 30 47 
63 H 1 26 
64 S+ 9 ? 
84 H 12 ? 

107 SISW 13 ? 

were absent. Instead, we counted (from Appendix 1) the number of juveniles alive 
in 43 group-years censused completely in or close to August. The W group was 
excluded in 1984 and 1988 since twin young had died during trapping. The R group 
was excluded in 1980 and the W group in 1981 because they had just formed. Fifty 
juveniles were alive in the August following their birth; one of these had been born 
to the younger of two breeding females in a group. If we exclude young born to the 
secondary females, we calculate that a mean of 49/43 or 1.14 young survived per 
primary breeding female per year. Given a mean tenure time of just under 3 years, 
females that attained primary breeding positions produced a mean of approxi- 
mately 3.5 offspring that survived from birth to the first of August. 
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TABLE VIII. Dispersers Other Than Known Natal 
Dispersers, Their Old Groups and New Groups 

Animal # Old group New group 
Males 

1" H N 
1" N N 
4" H R 

15' SE SE 
19" sw W 
35 ? W 
35 W 5 
44" SE S+ 
55 ? H 
56 ? H 
65 ? W 
66 ? W 
69 ? sw 
69 sw W 
70 ? sw 
71 ? H 
71 H S+ 
71 S+ SE 
96" N S+ 
97" N S+ 
97' S+ S+ 

116b ? SE 
132b ? W 
146 ? H 

40" N H 
79 ? sw 
84b ? H 
88b ? W 

121b ? W 
134b ? H 

Females 

"Individuals whose old group may have been their natal groups. 
bIndividuals that may have still been in their natal groups rather than 
being immigrants. 
'%dividuals that left their groups for several months or more, and then 
returned to the same group. 

More on Dispersal Patterns 
Other than the dispersal of known natal females (Table V), we recorded only 

six possible cases of female group transfer (Table VIII). Four of the females ap- 
peared as adults in groups that had not been well censused in the previous years 
(H group in 1986 and 1991, W group in 1987 and 1990). Thus, the possibility that 
these were natal females cannot be ruled out. To our knowledge, no female changed 
groups more than once in her lifetime. 

The situation for males was quite different (Table VIII). Other than known 
natal dispersers: (1) six males first caught as adults but possibly natal to those 
groups subsequently changed groups, (2) nine to 11 males immigrated into marked 
groups as adults, having come from outside the marked population, (3) three males 
left groups for at least several months, and later returned, and (4) three males 



72 / Goldizen et al. 

transferred between groups more than once (two males each moved twice, one 
moved three times). 

Circumstances Under Which Males and Females Immigrated Into Groups 
Males and females joined groups under quite different circumstances. Eight 

female immigrants (80% of known female immigrants into groups with known 
compositions) moved into groups containing no other possible female immigrants 
or previous female breeders (Table 1x1. The remaining two female immigrants 
appeared in the SW group in 1986; it is not known which bred during 1986 and 
1987. 

In contrast, only four males (17% of known male immigrants into groups with 
known compositions) were found in groups without other probable male breeders 
(other immigrants or males known to have bred previously) (Table 1x1. The other 
20 male immigrants (23 cases if multiple group transfers by individual males are 
counted) were found in groups that did contain other probable male breeders. This 
difference between male and female immigration patterns is statistically signifi- 
cant (G-test of independence using William’s correction, G,, = 5.83, P < 0.025). 

DISCUSSION 

Reproductive Strategies 
Females. Analysis of the circumstances under which individuals transferred 

between groups illustrates a major difference between male and female saddle- 
back tamarin reproductive strategies. Female immigrants were almost never 
found in groups containing other female immigrants or previous female breeders. 
We know of only one group that contained two unrelated females (SW 1986,1987). 
Conversely, male immigrants almost always moved to groups with other immi- 
grant males or previous male breeders (Table IX). 

The reproductive strategy of females in this population seemed to  be to occupy 
the first available primary breeding position and then to maintain reproductive 
sovereignty within that group. Each group had one primary female breeder. In all 
groups in which we knew the relative ages of female group members, the primary 
breeding female was the oldest female. Once females acquired primary breeding 
positions, they retained them for an average of approximately 3 years (Table VII). 
To our knowledge, no female transferred between groups more than once in its 
lifetime or transferred after having attained the primary breeding role in its natal 
group. 

Some variation is evident in the tactics that females exhibited in obtaining 
primary breeding positions. All but 2 of the 15 or 16 females first marked as 
juveniles that went on to acquire primary breeding positions did so either in their 
natal groups (inheritance) or in neighboring groups (Tables I11 and V). Regular 
intergroup encounters provide opportunities for young females to assess the pos- 
sibilities of breeding opportunities in neighboring groups. 

Although we never saw solitary females, it is probable that females occasion- 
ally wander in search of breeding vacancies. However, wandering females would 
probably be at a disadvantage because breeding vacancies usually appear to be 
filled quickly by females from neighboring groups. Alternatively, dispersing fe- 
males might be able to attract supernumerary males from an established group to 
found a new group in a vacant territory. This appears to be how the W (1984) group 
and perhaps the R (1980) group were established. Data on the annual persistence 
of individuals in the study population (Fig. 3) suggest that more females than 
males disappeared from the study population between 2.5 and 4.5 years of age, 
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TABLE IX. List of Male and Female Immigrants who Entered Groups of Known 
Compositions and Whether, When These Immigrants Were First Seen in Their New 
Groups, Those Groups Contained Other Immigrants or Previous Breeders of the 
Immigrant’s Sex 

Did group contain 
New Year first any previous breeders any other immigrants 

Did group contain 

Animal # group seen there of the same sex? of the same sex? 
Males 

1 
3 
4 
9 

17 
19 
26 
35 
43 
44 
55 
56 
65 
66 
69 
69 
70 
71 
71 
7 1  
72 
96 
97 

111 
115 
116 
146 

Females 
2 

32 
40 
47 
49 
58 
64 
79 
86 

117 

N 
R 
R 
sw 
S 
W 
N 
S 
S+ 
S+ 
H 
H 
W 
W 
sw 
W 
sw 
H 
S+ 
SE 
W 
S+ 
S+ 
H 
S+ 
SE 
H 

S 
H 
H 
W 
H 
sw 
S+ 
sw 
S+ 
S+ 

1982 
1980 
1980 
1982 
1984 
1981 
1982 
1982 
1987 
1989 
1983 
1983 
1984 
1984 
1984 
1985 
1984 
1984 
1987 
1989 
1987 
1988 
1990 
1992 
1989 
1989 
1992 

1980 
1983 
1982 
1984 
1984 
1986 
1987 
1986 
1991 
1991 

? 
No 
No 
No 
No 
Yes 
? 
Yes 
No 
No? 
No 
No 
No 
No 
No 
Yes 
No 
Yes 
No 
? 
No 
Yes 
Yes 
Yes 
No? 
1 

No 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Yes 
Yes 
Yes 
No 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
No 

No 
No 
No 
No 
No 
Yes 
No 
Yes 
No 
No 

which is the age when most tamarins acquire breeding positions. Many of the 
females of this age class that disappeared may have dispersed, searched unsuc- 
cessfully for a breeding vacancy, and eventually died. There are two reasons for 
thinking that wandering was rarely successful, if indeed it occurred, and that, 
therefore, most of the females that disappeared from their natal groups died either 
in those groups or while dispersing: (1) Only two females immigrated into groups 
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that were not neighbors of their natal groups (Table V). (2) Only one female 
definitely immigrated into a marked group from outside the study population. 

Our results suggest that variation in female lifetime reproductive success was 
high: To our knowledge, fewer than half of the females that we marked as young 
individuals went on to obtain primary breeding positions. This finding, combined 
with our calculation of an average lifetime reproductive success of 3.5 young sur- 
viving to their first August for females that did obtain primary breeding positions, 
suggests that the study population must have been declining in numbers. We do 
not believe this to have been the case. If in fact some of the individuals that 
disappeared without having bred actually obtained breeding positions outside of 
our study groups, this apparent paradox would be resolved. Another possible ex- 
planation is that tenure times for breeding females may in fact average longer 
than 3 years, thus increasing average lifetime reproductive success. Our calcula- 
tion of average tenure time is likely to  be an underestimate, since we did not have 
maximum estimates of tenure times for many of our females. An average tenure 
time of 3.5 years would yield a stable population. 

In six cases two females bred or attempted to breed in the same group during 
the same breeding season (Table I). In each of these six groups, the primary breed- 
ing female bred in the group for at least 3 years before andior after the season in 
which both females bred. Only one (#88) of the six secondary breeding females 
may have bred more than once as a secondary breeder. At least four, and possibly 
all six, known secondary female breeders were still in their natal groups. 

Although breeding by secondary females was infrequent, it was not so in 
groups with two or more adult females. In 5 of 15 group-years when two adult 
females were present in a group in August, there was evidence a year later that 
two females had given birth during the previous breeding season. Clearly, neither 
the physiological suppression of reproduction in subordinate females that is seen in 
captive saddle-back tamarins [Epple & Katz, 19841 and other callitrichids [Abbott, 
1984,19871, nor the intrafamilial aggression seen in some species [e.g., McGrew & 
McLuckie, 19861, always occur in wild groups. Breeding by secondary females 
appeared to be a tactic employed by some female saddle-back tamarins in some 
circumstances while waiting to obtain a primary breeding position. Indeed, three 
or four of the six known secondary breeding females later obtained primary breed- 
ing positions (Table I). It is unclear why breeding by secondary females was some- 
times tolerated by primary females, except that secondary females were usually, 
and perhaps always, daughters of the primary females. We suggest that successful 
breeding by a secondary female requires that she give birth at least 3 months 
before or after the primary female, so that two sets of young do not have to be 
carried simultaneously. This was indeed the case in all four incidents of successful 
secondary breeding in our population. 

Resource availability and the energetic costs of infant care both may constrain 
a group’s reproductive capabilities [Goldizen, 1987a; Goldizen et al., 19881, and 
thereby indirectly limit the number of female breeders tolerated in a group. This 
suggests that competition would occur for primary breeding female positions. Us- 
ing only those groups whose compositions were known in two successive Augusts, 
we compared for each year the number of females at least 1.5 years of age that were 
not primary female breeders with the turnover of primary female breeders (i.e., the 
actual number of primary female breeder vacancies filled) in the study population 
during the next 12 months (Table XI. This estimate of the degree of competition for 
breeding vacancies varied, but in 8 out of 10 years the number of mature females 
in the population that were not primary breeders exceeded the number of primary 
breeding positions that became available. 
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TABLE X. Measure of Degree of Competition for Primary Female 
Breeding Opportunities 

# of females gaining 
primary breeding positions 

Date # of groups females in those groups during the next 12 months 

9179 4 1 1 
9/80 4 1 1 
8181 4 2 1 
8182 3 2 1 
8183 4 6 3 
6186 2 4 1 
8187 3 4 0 
7188 2 4 1 
8/90 3 6 2 
819 1 3 4 1 

# of nonprimary yet adult 

This table lists, as close to August as possible, each year the number of females present in groups of 
known compositions that were at least 1; years old and were not yet primary breeding females. It also 
lists the number of females who gained primary breeding positions in those same groups during the next 
12 months (August to August). 

Female reproductive patterns at Cocha Cashu-a single primary breeding 
female in each group, and age-related reproductive dominance-have been found 
in a number of other studies [Dawson, 1978; Soini, 1982; Garber et al., 1984; 
Hubrecht, 19841. Although reproductive suppression of subordinate females has 
been emphasized in studies of captive callitrichids [e.g., Abbott et al., 1993; Snow- 
don et al., 19931, breeding by secondary females has been reported among wild 
callitrichids in addition to the population described here. Three of 13 complete 
moustached tamarin groups trapped by Garber et al. I19931 contained either two 
pregnant females or one pregnant and one lactating female. Scanlon et al. [19881 
provide evidence that two females in a common marmoset group had infants at 
approximately the same time, and that a third may have bred earlier in the year. 
In another study of common marmosets, all three study groups had two reproduc- 
tive females [Digby & Ferrari, in press]. Dietz and Baker [1993] reported 11 cases 
of two female golden lion tamarins reproducing in the same group during the same 
year at Poco das Antes Reserve in Brazil. In the golden lion tamarin population, as 
we suspected for our saddle-back tamarins, polygynous females were usually 
mother-daughter pairs. In only one case was the younger female the dominant 
one. Dietz and Baker 119931 modeled the costs and benefits of polygyny to both 
dominant and subordinate golden lion tamarins; the results suggested that poly- 
gyny would sometimes increase the inclusive fitness of both mothers and daugh- 
ters if males unrelated to both females were present. 

Generally, female reproductive strategies in golden lion tamarins at Poco das 
Antes seem very similar to those that we describe here for saddle-back tamarins. 
No adult female golden lion tamarin joined a group that already contained a 
reproductive female, and most dispersing females failed to  find breeding positions. 
Dispersing golden lion tamarins usually occupied the first available breeding po- 
sition and remained there for life [Dietz & Baker, 19931. In both of these tamarin 
species, then, there appears to be little opportunity for females to make choices 
among potential mates or territories. 

Males. Groups contained two (or more) adult males far more often than they 
did two adult females (Appendix I). In six of the seven two-male groups in which 
we observed copulations, both males mated with the same female (Table 11). We 
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refer to groups in which two males copulated with the same female during the 
same breeding season as polyandrous. However, we do not know which males 
fathered young, or whether twins were ever multiply fathered. Nevertheless, i t  
does seem clear that each of the males in multi-male groups had reproductive 
interest in the group’s female, and perhaps some chance, however small, of father- 
ing her young. The high frequency with which males joined groups containing 
other probable male breeders (Table IX) suggests that polyandry was common in 
our population. Polyandry allows males to pursue a flexible reproductive strategy, 
in contrast to the relatively limited options faced by females. 

Polyandry involved both unrelated and related males in this population. Some 
pairs of polyandrous males were probably closely related, yet a t  least one pair 
consisted of unrelated males (Table 11). In addition, all newly formed groups (R 
group 1980, W group 1981 and 1984, H group 1983, and S + group 1987) involved 
two adult males, and in at least two and possibly four cases the males were unre- 
lated. 

The frequent occurrence of polyandry suggests that the chances of successful 
random dispersal in search of breeding opportunities would be higher for males 
than for females. The bias in the ratio of known immigrants into the study popu- 
lation (nine males to one female) supports this interpretation. Almost half of the 
young marked as juveniles disappeared without, to our knowledge, having ob- 
tained a breeding position or having been observed to copulate. It is more likely for 
males than for females that  some of these individuals had bred in their natal 
groups without having been observed and that some of them successfully dispersed 
out of the study population. Variation in male reproductive success may thus be 
less than that of females. 

Goldizen and Terborgh [19861 and Goldizen [1987al speculated that saddle- 
back tamarins should mate in simple pairs only if they have older offspring living 
with them that could serve as helpers. In the absence of helpers, both males and 
females might benefit from conceiving and rearing young as polyandrous trios. 
Three aspects of the data presented here provide support for this suggestion that 
breeding groups without young helpers would tend to be two-male one-female trios 
rather than pairs: (1) The only lone male-female pair that we observed during the 
years of our study consisted of the survivors of a two-male, one-female trio, from 
which one male disappeared after the female had conceived. This pair (W group, 
1984) lost one infant within days of birth but raised the other to a t  least 4 months 
of age, when the group was joined by a second male. (2) All of the four new bisexual 
groups that formed during our study included two adult males [R group 1980, H 
group 1983, W group 1984, S + group 1987, Terborgh & Goldizen 1985; this paper]. 
(3) In 1981, two unrelated males lived together in the previously unoccupied W 
territory for several months and made repeated forays through other territories, as 
if looking for a female [Terborgh & Goldizen 19853. 

Males and females also differed with regard to secondary emigration (Table 
VIII). No females were observed to transfer between groups more than once. Al- 
though secondary emigration was infrequent among males, two males were known 
to have transferred twice and a third male transferred three times. Three males 
were also known to have left their groups for periods of at least several months and 
returned later. Since primary female breeding positions are in short supply, it 
should rarely, if ever, benefit a female to leave a group once she has acquired such 
a position. On the other hand, a male would benefit from being polyandrous only 
if his group lacked enough nonreproductive helpers to make monogamy a viable 
option. Once a polyandrous group had bred successfully and the young were old 
enough to help with infant-carrying, one could expect that one of the polyandrous 
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males might attempt to expel the other. This could explain why some males dis- 
persed more than once. Indeed, in each case in which a male dispersed a second 
time it had belonged to a two-male, one-female trio that had bred successfully, and 
in each case the dispersing male moved to a smaller group. Similarly, in the case 
of three males that temporarily left their groups, the group contained both another 
probable breeding male and older offspring. 

It should be noted, however, that two or more adult males were often found in 
groups containing potential nonreproductive helpers, and that, in at least the two 
known cases of natal polyandry (Table II), dominant males shared copulations with 
older male offspring, which might otherwise have served as nonreproductive help- 
ers. 

There is little hard evidence on male reproductive patterns in other wild cal- 
litrichids. Matings by more than one male in the same group have been reported 
for a few species (references in Introduction). In golden lion tamarins at Poco das 
Antes, almost half of the groups studied contained two non-natal males, and in four 
of the seven two-male groups in which sexual behavior was observed, both males 
were observed consorting or copulating with their group’s reproductive female 
[Baker et al., 19931. Thus, groups fitting our definition of polyandry (two males 
mating with the same female during the same season) occurred in the golden lion 
tamarins. However, Baker et al. [19931 were able to discern dominance relation- 
ships between polyandrous males, and found that dominant males were responsi- 
ble for almost all copulations during females’ likely fertile periods, suggesting that 
subordinate males in their population had little chance of paternity. 

Most male breeding vacancies in the golden lion tamarin population were 
filled either by other adult males already present in the group or by males from 
neighboring groups [Baker et al., 19931. Thus, the main reproductive tactics of 
male golden lion tamarins in this population appeared to be to remain in their 
natal groups while waiting for vacancies or to accept subordinate status in other 
groups while waiting. Baker et al.’s [19931 calculations suggested that wandering 
in search of a breeding opportunity was generally the least successful male tactic. 
Our findings on male saddle-back tamarins are quite consistent with these obser- 
vations on golden lion tamarins, except that we were unable to assign relative 
dominance ranks to polyandrous males in our population, and the degree to which 
polyandrous males shared chances of paternity is unknown. 

Some features of the ecology and social organization of saddle-back tamarins 
a t  Cocha Cashu differ from those of other studied populations of wild callitrichids. 
While the territories of Cocha Cashu tamarins overlap very little, the extent of 
home range overlap observed elsewhere is highly variable [reviewed in Goldizen, 
1987bl. Home range sizes at Cocha Cashu [up to 100 ha; Goldizen, 1987131 are 
among the largest recorded for any callitrichid species [Rylands, 19861, exceeded 
only by golden lion tamarins [mean = 41 ha, maximum size = 117 ha; Dietz & 
Baker, 19931 and black lion tamarins (L. chrysopygus) [66-200 ha; Rylands, 19931, 
and are larger than those reported for saddle-back tamarins elsewhere. Soini 
[1987b] reported 16-17 hectares for saddle-back tamarins in northeastern Peru, 
while Yoneda [1984] reported a mean of 33 hectares for 13 groups. 

Territories may be large at  Cocha Cashu because saddle-back tamarins there 
compete for food with nine other primate species and many birds [Terborgh 1983; 
Terborgh & Stern 19871. In contrast, most other studies of tamarins have been 
conducted at disturbed sites where many of the larger competing primate species 
were scarce or absent [e.g., cotton-top tamarin, Saguinus oedipus, Neyman, 1978; 
Geoffroy’s tamarin, Saguinus geoffroyi, Dawson, 1978; moustached tamarin, Gar- 
beret al., 1984,19931. A reduction in the biomass of competitors could be expected 
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to result in smaller tamarin territories. Alternatively, territory sizes could be 
smaller at disturbed sites because such sites would contain more secondary forest, 
which might be higher quality habitat for tamarins. The small home ranges of 
marmosets, even at  undisturbed sites, can be attributed to the importance of ex- 
udates in their diets [Ramirez et al., 1978; Scanlon et al., 1989; Ferrari & Ferrari, 
19891. 

Although Ferrari and Ferrari [19891 suggested that marmoset groups are gen- 
erally more stable than those of tamarins, group compositions of saddle-back tam- 
arins at Cocha Cashu appeared to be more stable than for callitrichids at many 
other sites. As described earlier, only four known cases of secondary emigration, 
involving three males, occurred during the 13-year study. Otherwise, individuals 
transferred at most only once in their lifetimes. Ramirez [1984] also reported a 
high level of group stability in moustached tamarins, as did Ferrari and Ferrari 
[19891 for buffy-headed marmosets and Rylands [1982, in Ferrari & Ferrari, 19891 
for tassel-ear marmosets. In contrast, other studies report more fluidity in group 
composition [cotton-top tamarin, Neyman, 1978; Geoffroy’s tamarin, Dawson, 
1978; saddle-back tamarin, Soini, 1987b; moustached tamarin, Garber et al., 1993; 
common marmoset, Scanlon et al., 19881. 

Few data exist on the survivorship of wild callitrichids. Based on analyses of 
tooth wear, Garber et al. [1993] stated that 44% of adult moustached tamarins at 
Padre Isla were in the oldest age class ( 2 8  years). They inferred that some females 
in their population may breed for over 10 years and survive for close to 20 years. 
In contrast, the oldest known female at Cocha Cashu disappeared at  8.5-9.5 years 
and the oldest known male disappeared at 10.5-11.5 years (Fig. 3). The mous- 
tached tamarins at Padre Isla were introduced to this island study site; perhaps a 
paucity of competitors and predators on Padre Isla allows them to survive longer 
than at undisturbed sites. 

In conclusion, we suggest that the high energetic cost of reproduction is an 
important factor determining saddle-back tamarin reproductive behavior. Females 
can benefit from multiple mates because reproduction is limited by postnatal in- 
vestment, particularly infant carrying. Obligatory male parental care limits the 
circumstances in which polygyny is possible and leads to some circumstances in 
which males as well as females can benefit from the cooperative rearing associated 
with polyandry [Goldizen, 1987al. 

A high level of interspecific competition and a scarcity of dry season resources 
are correlated with the large territory sizes recorded at Cocha Cashu [Terborgh, 
1983; Terborgh & Stern, 19871. Large territory size reduces the frequency of in- 
tergroup encounters and may make it more difficult and dangerous for individuals 
to disperse. Dangers associated with dispersal could contribute both to a prepon- 
derance of very short dispersal distances and to pronounced group stability. Gen- 
erally, because reproductive strategies are influenced by ecology, both directly and 
through effects on demography, reproductive patterns can be expected to vary, 
both within and between callitrichid species. 

CONCLUSIONS 
1. Thirteen years of data on demographic and reproductive patterns in a sad- 

dle-back tamarin population suggest a stable extended family social organization 
and a facultatively polyandrous mating and rearing system. 

2. Groups contained more than one adult female in only 15 of 47 group-years 
in which complete compositions were known. Only once was a group known to 
contain more than one non-natal female. In groups in which two adult females 
were present, the oldest female was the primary breeder, though breeding by 
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secondary females did sometimes occur. Females usually acquired primary breed- 
ing positions by replacing the female either in their natal territory or in a neigh- 
boring territory. We observed no secondary emigration of females nor did any 
females emigrate after becoming the primary breeder in their natal group. Only 
one case of female immigration into the study population was known to occur. 
Young adult females disappeared at a higher rate than did either young adult 
males or adult females. One half of the females born into the population disap- 
peared before acquiring a primary breeding position or reproducing. 

3. Adult males exhibited higher levels of same-sex tolerance than did adult 
females. Groups contained more than one adult male in 36 of 47 group-years in 
which complete compositions were known. In 23 of 27 cases of male immigration into 
groups of known composition, males entered groups containing other probable 
breeding males. In six of seven two-male groups in which copulations were observed, 
including two of three cases involving natal males, copulations by both males were 
documented. Males dispersed at the same rate as females, although under a greater 
variety of circumstances. Nine males (vs. one female) immigrated into the study 
population. Secondary emigration was recorded only for males (four cases). 

4. Many of these behavioral patterns are determined in part by local ecological 
factors, and can be expected to vary within and between callitrichid species. 
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APPENDIX I. Annual Age-Sex Compositions of Each Study Group, as Close to August 
of Each Year as Possible 
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# adult # adult # subad # subad. # JUV. # JUV. Composition Group 
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(continued) 
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APPENDIX I. Annual Age-Sex Compositions of Each Study Group, as Close to August 
of Each Year as Possible (Continued) 
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In order that these all represent prebreeding season compositions, the few infants that were born in these groups 
in late August or early September were left out. In the "Composition complete?' column, we note whether we 
were certain that we knew of all of the group's members. If we did not, we enter a ? in the "Group size" column. 


